The astrophysical S-factor for the direct α(d, γ) 6 Li capture reaction is calculated in a threebody model based on the hyperspherical Lagrange-mesh method. A sensitivity of the E1 and E2 astrophysical S-factors to the orthogonalization method of Pauli forbidden states in the three-body system is studied. It is found that the method of orthogonalising pseudopotentials (OPP) yields larger isotriplet (T = 1) components than the supersymmetric transformation (SUSY) procedure.
I. INTRODUCTION
A consistent realistic estimation of the primordial abundance ratio 6 Li/ 7 Li of the lithium isotopes is one of the open problems in nuclear astrophysics. For this ratio the BBN model [1] yields a value about three orders of magnitude less than the astrophysical data [2] . One input parameter for the estimation of the abundance ratio is the reaction rates of the direct radiative capture process
at low energies within the range 30 ≤ E cm ≤ 400 keV [1] .
The reaction rate evaluations are based on the straightforward calculations starting from the astrophysical S-factor. The data set of the LUNA collaboration available at energies E=94 keV and E=134 keV [3] was recently renewed with additional data at E=80 keV and E=120 keV [4] . The results of the LUNA collaboration for the reaction rates turn out to be even lower than previously reported. This further increases the discrepancy between prediction of the BBN model and the astronomical observations for the primordial abundance of the 6 Li element in the Universe [4] .
From a theoretical point of view, an important step toward the solution of the lithium abundance problem has been taken within the three-body model [5] [6] [7] . As was shown in Ref.
[6] in detail, the so-called exact mass prescription, used in the literature for the estimation of the E1 astrophysical S-factor during a long period [8] [9] [10] [11] [12] , has no microscopic background at all. Some models even neglect this important contribution to the S-factor [13, 14] . As was shown within the frame of three-body model based on the hyperspherical Lagrange mesh method [6, 7] , the E1 S-factor is dominant in the low energy region E < 100 keV, while the E2 S-factor is mostly important at higher energies. As a result, the new data of the LUNA collaboration for the astrophysical S-factor at low energies have been reproduced with a good accuracy. The estimated 6 Li/H abundance ratio of (0.67 ± 0.01) × 10 −14 was in a very good agreement with the experimental value of (0.80 ± 0.18) × 10 −14 from the LUNA collaboration.
On the other hand, the final three-body α + p + n hyperspherical wave function of 6 Li was calculated with the Voronchev et al. αN -potentials [15] with a forbidden state in the S-wave. The forbidden states in the three-body system have been treated within the method 2 of orthogonalising pseudopotentials (OPP) [16] . The wave function has a small isotriplet component of about 0.5 percent. This important isotriplet part of the three-body wave function [5] [6] [7] enables one to estimate the forbidden E1 S-factor in a consistent way without using any exact mass prescription. An important question is, how sensitive are the results for the estimated astrophysical S-factor on the projecting method used in the variational calculations of the three-body wave function. The aim of present study is to answer this important question. To this end we estimate the astrophysical S-factor with the three-body wave function of the 6 Li ground state, calculated using the supersymmetric transformation (SUSY) method [17] and compare with the results of the OPP approach.
II. THEORETICAL MODEL
The cross sections of the radiative capture process reads as
where Ω =E or M (electric or magnetic transition), ω denotes the entrance channel, k ω , v ω , I ω are the wave number, velocity of the α − d relative motion and the spin of the The astrophysical S-factor of the process is expressed in terms of the cross section as [18] S
where η is the Coulomb parameter. 2 ) MeV. The potential parameters in the . As we noted above, the important isotriplet component of the final 6 Li ground state is responsible for the E1 astrophysical S-factor in the α(d, γ) 6 Li direct capture reaction. Therefore, the above difference should yield the same effect for the E1 S-factor. Additionally, it is important to check, whether the energy dependence of the E1 S-factor is the same in both cases. In Fig. 1 we show the E1 astrophysical S-factor of the direct α(d, γ) 6 Li capture process estimated with the OPP and SUSY three-body wave functions. As we can see from the figure, the two methods yield the same energy behavior. However, the SUSY method yields too small S-factor in the entire energy region, more than one order of magnitude smaller than the OPP method. This result indicates that the E1 astrophysical S-factor is highly sensitive to the orthogonalization method. A similar effect was found in the beta decay of the 6 He halo nucleus [25, 26] and M1-transition of the 6 Li(0+) isobar-analog state to the α + d continuum [24] . In fact, the OPP method yields scattering and bound state wave functions with a node at short distances, while this nodal behavior disappears in the SUSY method. In the present study, a nodal behavior of the S-wave α + N wave function yields a strong contribution to the important isotriplet component of the total wave function.
The E2 astrophysical S-factor is displayed in Fig. 2 . As can be seen, the OPP and SUSY methods give the same theoretical estimations. This means that the E2 S-factor is not sensitive to the orthogonalization procedure in the wave function of the 6 Li ground state.
The total theoretical astrophysical S-factor for the process is shown in Fig. 3 in comparison with the direct data of the LUNA collaboration [3, 4] and old data from Refs. [27] [28] [29] .
Due to a strong effect of the orthogonalization method we have a big difference in the SUSY and OPP results. While the OPP method yields a good description of the direct data of the LUNA collaboration, the SUSY transformation gives a strong underestimation.
IV. CONCLUSION
A sensitivity of the theoretical astrophysical S-factor for the direct α(d, γ) 6 Li capture reaction to the orthogonalization procedure has been examined within the hyperspherical Lagrange-mesh method. It was found that the E1 astrophysical S-factor is very sensitive to the orthogonalization method, however the E2 S-factor does not depend on the orthogonalization procedure. As a result, the OPP method yields a very good description of the direct data of the LUNA collaboration at low energies, while the SUSY transformation significantly underestimates the LUNA data. On the other hand, both methods show the same energy dependence for the E1 S-factor.
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